The free in-plane vibration of asymmetric circular curved beams with varying cross-section is analyzed by the differential quadrature method (DQM) neglecting transverse shearing deformation. Natural frequencies are calculated for the beams with various opening angles and boundary conditions. Results obtained by the DQM are compared with available results by other methods in the literature. It is found that the DQM gives the good accuracy even with a small number of grid points. 
Introduction
The early investigators into the in-plane vibration of rings were Hoppe [1] and Love [2] . Love [2] improved on Hoppe's theory by allowing for stretching of the ring.
Archer [3] carried out for a mathematical study of the in-plane inextensional vibrations of an incomplete circular ring of small cross section with the basic equations of motion. Auciello and De Rosa [4] reviewed the free vibrations of circular arches and briefly illustrated a number of other approaches.
A rather efficient alternate procedure for the solution of partial differential equations is the method of differential quadrature which was introduced by Bellman and Casti [5] . This simple direct technique can be applied to a large number of cases to circumvent the difficulties 
Governing Differential Equations
The curved beam considered is shown in Figure 1 . A point on the centroidal axis is defined by the angle  , measured from the left support. The tangential and radial displacements of the arch axis are  and , respectively. Here,  is the radius of the centroidal axis. These displacements are considered to be positive in the directions indicated.
[ Fig. 1 ] Coordinate system for curved beam
The basic equations of motion given by Love [2] is a single sixth order differential equation using
where  is     , and each prime denotes one differentiation with respect to the dimensionless distance coordinate X , defined as equations (2) and (3), respectively.
Here    and   are the function of the cross-section variation law and the area moment of inertia of the varying cross section associated with the height of the cross-section   at the crown, respectively. In the following the simple case in which the cross-section varies linearly is examined, because it seems the only law which has been studied by Auciello and De Rosa [4] . 
where   is     , and  is the ratio of the heights. The dimensionless distance coordinate defines as
If the curved beam is clamped at    and     , then the boundary conditions take the form
If the curved beam is simply supported at    and     , then the boundary
Differential Quadrature Method(DQM)
It was applied for the first time to static analysis of structural components by Jang et al. [7] . Recently, Kang and Han [8] applied the method to the static analysis of circular curved beams using classical and shear deformable beam theories, and Kang and Kim [9] have analyzed the in-plane vibration of curved beams considering shear deformation using DQM From a mathematical point of view, the application of the differential quadrature method to a partial differential equation can be expressed as follows: 
Application
Applying the DQM to equation (1) gives
where                and F ij are the weighting coefficients for the first-, the second-, the third-, the fourth-, the fifth-, and the sixth-order derivatives, respectively, along the dimensionless axis. 
Here, δ denotes a very small distance measured along the dimensionless axis from the boundary ends. Similarly, simply supported and clamped-simply supported ends can be easily accommodated by combining these equations;
simply change the weighting coefficients.
[ Table 1  (DQM) studies relative to the number of grid point N and the parameter , respectively. Table 1 shows that the accuracy of the numerical solution increases with increasing N and passes through a maximum. The optimal value for N is found to be 11 to 13 using    ×    comparing with Rayleigh-Ritz's solutions. Table 2 shows the sensitivity of the numerical solution to the choice of  using 13 grid points. From Table 2 
Conclusions
The free in-plane vibration of asymmetric circular 2) It has also been shown that compare to the finite element method(90 elements used), the DQM requires less grid points(13 points used) are used to obtain the frequencies of the beams.
3) It requires the small computation times for the evaluation of the vibration characteristics reported in totality by Kukreti et al. [11] .
